Introduction
Long duration manned space activities will depend on the development of regenerative life support systems based on physicochemical and/or biological technologies.
NASA and the NRC have identified through a workshop 2 and a commissioned study 3 that multiphase processing of in-situ resources must be made possible under conditions ranging from zero to partial gravities (e.g., Mars, 0.38g, Lunar 0.17g), if NASA's goals of Human Exploration and Development of Space (HEDS) are to be achieved. One of the "enabling" unit operations critical to many of these systems is the packed (fixed) bed reactor with co-current flow of gas and liquid.
In the typical operation of the packed bed reactor, gas and liquid flow simultaneously through a fixed bed of solid particles. The particles can be various shapes and sizes and serve to force the two fluid phases through the narrow channels connecting the interstitial voids. This configuration provides for the intimate contact needed between the phases to sustain chemical or biological
reactions.
The packing may also serve as either a catalytic site or as a surface for growing biological material. NASA has flown two of these systems in a microgravity environment with limited success. In both systems, it was assumed the effects of a weightless environment on the hydrodynamics were predictable (even though prior to this study no experimental data existed) and attention was focused on mass transfer. 
e is the packing bed void fraction, V G and V L are the respective gas and liquid specific volume, and D is the hydraulic diameter of the empty bed.
Over 250 different test conditions were recorded in microgravity with a companion set of l-g tests to provide a direct comparison of the two environments.
Flow Regimes General Description
It is generally accepted that for non-foaming systems, The basis for the map is that a driving-to-resistance force ratio can be developed for two-phase flow through a packed column similar to two-phase flow through an empty tube. The driving forces are inertia and gravity while the resistance forces are viscous and surface tension. By normalizing the inertia forces and using two-phase Froude, Weber and Reynolds numbers, Talmor derives the force ratio as:
where durations, pulse or bubbly flow was observed at very low liquid and gas flow rates. Rather than draining, the liquid tends to spread in a radial (as well as axial) direction until a sufficient amount of liquid has plugged a cross sectional area. Depending on the gas flow rate, the plug will either continue to fill the column until it is the continuous phase or at slightly higher gas flow rates, it will become the start of a liquid pulse. The other extreme of the gas continuous flow is spray or mist flow, which occurs at a very high gas-to-liquid ratio.
This flow regime was observed in only a few of our microgravity experiments, but as expected, the transition boundary and pressure drop were found to be nearly independent of gravity because this transition is dominated by inertia.
Based on the discussion above, our study focuses on the pulse and bubbly flow regimes. particles. In addition, the wetting of the particles by the liquid in 0-g is different than in 1-g since the gravitational draining force is not present in 0-g. We present some data in a later section which shows that for the same gas and liquid flow rates, the pulse amplitude is larger in 0-g than in l-g. 
Obs_e_ed was improved on by Saez and Carbonell," between the static holdup and the ratio of these forces using the Eotvos (or Bond) number.
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In these correlations, the limiting value of static hold-up is 11% as Eo approaches zero. This in fact does not hold for the microgravity environment.
In the absence of gravity, the flooded column does not drain and the static liquid holdup is 100%.
Comparison to Reduced Gravity
In this section, we compare the effect of gravity on total pressure drop for both the bubbly and pulse flow regimes.
At low gas and liquid flow rates, figure 6 illustrates the pressure drop varies linearly with the liquid flow rate for both normal and reduced gravity. This is consistent with the well-known Darcy relationship Another important observation is the slope of both curves in figure 6 is nearly the same. The difference is roughly equivalent to the liquid static head. (1 psi = 6.89 kPa) Assuming the frictional pressure loss is the same for both gravity environments, the difference in pressure drop between the two is a direct measurement of the dynamic and static head on the column. From this, the dynamic liquid holdup can be determined.
Pulse Characteristics
The pulse amplitude is also affected by the relative strength of the gravitational forces. Figure 8 illustrates a typical pulse flow in which we continued to record the pressure trace beyond the microgravity segment of the aircraft trajectory. As the aircraft begins to pull out of the microgravity "dive", the experiments on board experience an increased downward acceleration (relative to the experiment) of about 1.8 times that of normal gravity.
From the pressure trace, it is clear that not only does the average pressure drop shift as we discussed above, but the pulse amplitude decreases with increasing downward acceleration. In this case, the amplitude decreases by 3.66 kPa.
This observation provides insight into the apparent shift of the flow regime transitions seen in the Talmor map. As shown earlier, pulse flow occurs at a much lower G/L in the absence of gravity than predicted. This indicates that gravity has a stronger influence over the bubbly-pulse transition than previously thought.
Conclusions
We have presented in this work only some preliminary results of an ongoing study. Based on these results, two important conclusions can be drawn. First, the flow regimes and the transitions that exist are different in reduced gravity than in normal gravity.
In reduced gravity, the trickle flow regime becomes either pulse or bubbly flow and the pulse flow regime is observed over a much wider range of conditions. Second, the total pressure drop in zero gravity is higher than normal gravity cocurrent downflow.
If the frictional pressure drop is assumed to be nearly the same, or only slightly higher, the difference between these two can be used to estimate the dynamic liquid holdup in normal gravity cocurrent downflows. In addition, this study demonstrates the utility of reduced gravity experiments in the understanding of normal gravity multiphase flows. For example, by fixing the gas and liquid flow rates and varying only the gravity level (from 1-g to 0-g and 1.8-g) we can estimate the influence of gravity on any common transition boundary, the true frictional pressure drop, and the dynamic liquid holdup in a given flow regime. This will be pursued in more detail in future work.
